ABSTRACT Foot-pad dermatitis (FPD) is a widespread challenge to turkey production. This study aimed at evaluating the effects of using floor heating and exposure to litter with critical moisture content (35%) under experimental infection with Eimeria. adenoeides on the severity of FPD in turkeys. Two trials were done; in each trial, 4 groups of 2-wk-old female turkeys were reared over 4 wk. At the start of the experiment (d 14), each bird had normal foot pads. All birds were fed ad libitum on identical pelleted diets without any anticoccidial additive. The first 2 groups were kept on dry wood shavings with or without floor heating; the other 2 groups were housed on wet wood shavings of 35% moisture with or without floor heating. Two birds in each of the 4 groups were experimentally infected with E. adenoeides via crop intubation (~50,000 oocysts/ bird). Foot pads were assessed weekly for external scoring and at d 42 of life for histopathological scoring. The number of oocysts eliminated via excreta was determined. In both trials, using floor heating resulted in significantly decreased FPD scores (2.06 ± 0.735; 1.47 ± 0.734, trials 1 and 2, respectively) compared with groups housed without floor heating (3.88 ± 0.812; 2.73 ± 1.25, trials 1 and 2, respectively). Birds continuously exposed to wet litter (35% moisture) showed significantly increased FPD scores (3.41 ± 1.23; 2.69 ± 1.34, trials 1 and 2, respectively) compared with the group not exposed to wet litter (2.53 ± 1.00; 1.53 ± 0.683, trials 1 and 2, respectively). The coccidial infection in both trials resulted in markedly lowered DM contents of excreta (14.8 and 15.1%, trials 1 and 2, respectively) and litter (58.0 and 57.6%, trials 1 and 2, respectively) in the groups exposed to wet litter without using floor heating. In both trials, using floor heating resulted in the highest mean DM content of litter (85.1 and 85.0%, trials 1 and 2, respectively) and the highest BW (2,693 and 2,559 g, trials 1 and 2, respectively). The results suggest that induced diarrhea caused by coccidial infection led to poor litter quality, and hence, increased the severity of FPD, which can be overcome by using floor heating.
INTRODUCTION
A low prevalence and severity of foot-pad dermatitis (FPD) is highly desirable regarding the health of birds and product quality. Foot-pad dermatitis is a type of contact dermatitis affecting the plantar region of the feet. Lesions surrounded by a reddening of the foot pads as a first symptom, followed by discoloration and hyperkeratosis, often in combination with erosions and necrosis of the epidermis, with deep ulcers occurring in severe cases characterizes FPD (Greene et al., 1985) . Furthermore, the lesions can be a gateway for bacteria that may spread hematogenously and impair product quality (Schulze, 1996) . It can achieve a prevalence of approximately 20% for severe lesions and 78% for mild lesions in fattening turkeys (Berg, 1998) . At the end of the turkeys' fattening period, this disease could reach a prevalence of 91 to 100% (Hafez et al., 2004) . About 97.2% of turkeys showed FPD lesions with no marked effects on the BW of 5 different strains of male tur-
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A. Abd El-Wahab ,* C. F. Visscher ,* S. Wolken , † J.-M. Reperant , ‡ A. Beineke , § M. Beyerbach ,# and J. Kamphues * 1 keys at the end of the fattening period (Grosse Liesner, 2007) . The prevalence of FPD per farm is gaining recognition as a well-being indicator (Berg, 1998; Bradshaw et al., 2002; Martrenchar et al., 2002) . Different authors found positive correlations between litter quality (particularly moisture) and the incidence of FPD (Martland, 1984; Ekstrand et al., 1997; Buda et al., 2002; Youssef et al., 2010) . Several factors, which include but are not limited to, stocking density, ventilation, and drinker design, can affect litter moisture. One common aspect in most of the previous studies is that litter moisture is a significant factor in the onset of FPD (Martland, 1985; Shepherd and Fairchild, 2010) . Similar to findings in broilers, turkeys raised on wet litter have higher rates of FPD than those raised on dry litter (Martland, 1984) . Drying out the litter and moving birds from wet litter to dry litter was observed to reverse the severity of FPD (Greene et al., 1985; Martland, 1985) .
Standing on wet litter brings the feet into constant contact with moisture and has been suggested to cause the foot pad to soften and become more prone to damage, predisposing the birds to developing FPD (Jensen et al., 1970) . Housing turkey poults in high moisture (73%) for 8 h/d led to an imposingly higher prevalence of FPD (Youssef et al., 2010) . However, the first marked increase of FPD lesions was observed after exposure for only 4 h/d to 35% moisture, which was nominated as the critical moisture content (Abd El-Wahab et al., 2012) . Previous studies stated that dietary constituents (soybean meal, macrominerals, and electrolytes) have a great effect on the litter quality, and hence, on the severity of FPD (Youssef et al., 2010; Abd El-Wahab et al., 2011b) . Finally, it has to be emphasized that also disease affecting excreta quality, such as coccidiosis, might be a neglected factor related to FPD.
Coccidiosis is one of the most important and common diseases affecting poultry, resulting in great economic losses all over the world (Chapman, 2008) . One of the major factors causing wet litter is diarrhea. This can be a result of different infections in the intestinal tract; for example, protozoal Eimeria spp. infection (Mayne, 2005) . In turkeys, 7 species of Eimeria have been reported. However, Eimeria adenoeides is considered the most pathogenic, infecting the cecum of birds (Hafez, 2008) . Clinical signs of coccidiosis in turkeys are not pathognomonic and include loss of appetite, listlessness, huddling, diarrhea, drooping wings, and ruffled feathers (Reid, 1972; Chapman, 2008) . Challenge-recommended doses for E. adenoeides are 25,000 to 100,000 sporulated oocysts per bird (Holdsworth et al., 2004) .
The emergence of resistance to coccidiostats, consumer demand for using fewer feed additives, and European Union regulations (withdrawal of antibiotic feed additives as a precautionary measure) might restrict the use of coccidiostats (European Commission Regulations, 1997) . If this happens, alternative strategies should probably be introduced to minimize the adverse effects of coccidia on animal health and production.
Testing the diet composition should not let us neglect the potential role of coccidiosis or, from the feed production point of view, the correct use/adding of an effective coccidiostat. In the diet composition with high efficient coccidiostat, the role of infection could be neglected. However, due to misdosing or inefficient anticoccidial additive in the diet, the excreta and bedding material will be markedly influenced by the coccidial infection. The ingredients used and their commercial sources as well as the form of the feed (pellet, crumble, or mash) should reflect those to be used in practice. For example, the milling and pelleting process may affect drug stability, growth rate, and feed utilization of broilers (Engberg et al., 2002) .
Regarding floor heating, it has been noted that using floor heating has a significant effect on FPD (Berg and Algers, 2004; Abd El-Wahab et al., 2011a,b) . The aim of the present study was therefore to simulate a condition that could occur in the field when feeding a diet without any anticoccidial additive and to consider the effects on litter quality and FPD in young turkeys challenged by experimental infection with E. adenoeides. Furthermore, the study set out to test the effects of using floor heating despite the presence of 2 additive factors: exposure to wet litter and coccidiosis. Finally, this study continued a series of previous experimental studies on the effects of diet, housing, and management on FPD.
MATERIALS AND METHODS

Housing
The experiments were performed in accordance with the German Animal Welfare Legislation (33.12-42502-04-09/1776) .
In total, 180 female turkey poults (BUT-Big 6), 1 d old, were allotted to 2 trials. Birds were housed in a floor pen prepared with wood shavings, kept dry and clean before the experiment by removing the upper layers of the litter daily and replacing them with fresh dry litter. During the first 3 d, additional feed was offered (about 400 g/d) on paper to accustom the birds to the diet. All turkeys were fed ad libitum with a commercial pelleted diet (containing lasalocid-A-sodium, 110 mg/kg diet; Kalevelage Qualitätsfutter GmbH & Co., Emstek, Germany) as fed for the first 7 d to keep them free from accidental infection. Afterward, the birds were shifted to the experimental diet without anticoccidial additive (Table 1 ) until the end of the rearing period. Each pen was equipped with one infrared lamp to achieve a temperature of about 34 to 36°C at the outset of brooding of the 1-d-old birds. The temperature was lowered by about 1°C every 2 d. The photoperiod from d 4 onwards was 16 h of light and 8 h of darkness.
Experimental Design
Two experimental trials were performed. In each trial, 10 birds were chosen randomly for necropsy at the beginning of the experimental period (d 14) for footpad histopathological assessment. The remaining birds, 80 in total in each trial, were individually identified and then divided into 4 equal groups, each housed in a floor pen (1.50 × 1.32 m). The first 2 groups were kept on dry wood shavings with or without floor heating; the other 2 groups were housed on wood shavings with a moisture content of 35%, with or without floor heating. The electrical floor heating system (Quatttec GmbH, Jessen, Germany) supplied with an adjuster to control the temperature was used. In each group, the depth of the litter material was approximately 4 cm (5 kg/ m 2 of wood shavings). The wet litter was experimentally maintained by adding water as required (every 2 d). The added amount of water was estimated in pre-experimental studies and then modified during this experiment by measuring the DM content of the litter. The mean temperature during the experimental period at litter surface was about 35°C in the groups using floor heating versus 25°C in the groups without floor heating. Furthermore, in both trials, the RH in each group was measured using a Data Logger (Ebro, EBI 20, Ebro Electronic GmbH & Co. KG, Ingolstadt, Germany) every hour daily over the experimental period.
Coccidial infections were established by means of seeder birds. Thus, only 2 birds in each group (nominated as primary infected birds) were experimentally infected with a pure isolate containing E. adenoeides via crop intubation with 1 mL of ~50,000 sporulated oocysts/bird. The number of oocysts produced in the excreta of primary infected birds was determined after each 4 d postinoculation (PI) until the end of the experiment. In each group, the 2 primary infected birds were taken out of the pen during the time of collection and we pooled the excreta of the other birds (nominated as secondary infected birds) at 8, 12, 16, 20, and 24 d PI. Then, the 2 primary infected birds were returned back to the pen. A clean polyethylene sheet covering the litter was used for collecting pooled excreta, ~100 g/group for oocyst counting, according to Hodgson (1970) . Briefly, a sample of 4 g of excreta was diluted in saturated NaCl to a 60-mL volume. After homogenization and filtration, the sample was loaded into a McMaster counting chamber and the oocysts were allowed to float for 5 min before enumeration. The number of oocysts within 3 ruled areas, multiplied by 33.33, represents the number of excreta per gram.
Measurements
Litter samples for measuring moisture and pH were collected weekly from 5 sites (4 peripheral samples and 1 central one) in each pen. At each area, a sample (~50 g) over the whole bedding height was punched out using a tin with a diameter of 6.5 cm and then mixed as one sample. A subsample of about 100 g was taken to measure the moisture content. Samples were oven-dried at 103°C for the time needed to reach constant weight. Litter pH was measured by making a suspension (1 part material:9 parts water) and using a pH meter. The DM content of excreta was estimated at the day of collecting pooled excreta samples. Part of the fresh pooled excreta was microbiologically examined for the 2 Vitamin mixture supplies the following per kilogram of diet: vitamin A, 13,000 IU; vitamin D 3 , 4,000 IU; 25-hydroxycholecalciferol, 0.0250 mg; and vitamin E, 100 mg.
3 Trace elements supply the following per kilogram of diet: copper, 12 mg; iron, 75 mg; zinc, 75 mg; manganese, 90 mg; iodine, 1.8 mg; selenium, 0.3 mg; and cobalt, 0.04 mg.
4 ME calculated by using the official formula for complete diets in poultry: ME n (MJ/kg) = 0.01551 CP + 0.03431 crude fat + 0.01669 starch + 0.01301 sugar (nutrients in g/kg diet; FMVO, 2007) . detection of Clostridia, Salmonella, and Campylobacter microorganisms.
It has to be emphasized that each bird in all groups was marked individually throughout the experimental period. Individual BW was recorded weekly at the day of scoring. Feed and water intakes were measured daily at the group level. The feed conversion ratio was estimated and corrected for mortalities on the basis of feed consumed (data from groups) and weight gain of the birds (individual data) throughout the experimental period.
FPD Scoring Criteria
External assessment of foot pads was made at d 14, 21, 28, 35, and 42. At d 42, all birds were killed for microscopic evaluation of foot pads. During the external examination, if the feet were dirty, they were gently washed with a wet cloth and dried before scoring; only the central plantar was scored. Signs of foot-pad lesions were recorded on a 7-point scale (0 = normal skin; 7 = over half of the foot pad is covered with necrotic scales) according to Mayne et al. (2007) .
Due to small cellular changes occurring within the foot pad before any evidence of a lesion is present on the external foot-pad surface, both foot pads of all killed birds were assessed histologically by removing the skin from the foot pad and fixing it in 10% buffered neutral formalin in a microcassette. One cross-section of skin was evaluated from the center of each foot pad. Sections were prepared and processed using standard protocols for tissue processing. Paraffin-embedded tissues were cut into 2-to 3-µm sections using a microtome and stained with hematoxylin and eosin. Sections were examined under a light microscope and categorized using the histopathological scoring system on a 7-point scale (0 = normal epidermis; 1 = hyperkeratosis; 2 = epidermal acanthosis; 3 = vacuoles in dermis and epidermis; 4 = presence of heterophils, macrophages, and lymphocytes in dermis; 5 = increased density of heterophils, macrophages, and lymphocytes; 6 = ulcer of the epidermis with only one lesion; 7 = more than one rupture or ulcer of the epidermis) according to Mayne et al. (2007) .
Statistical Analyses
The foot-pad scores were evaluated by using the mean of both feet. The data from the external and histopathological foot-pad scoring, BW, and primary oocyst counting (Log 10 ) were analyzed separately for each sampling point using the GLM procedure of the SAS Institute (2005) software. For BW, external and histopathological FPD scores Tukey test for pairwise multiple means comparison of the GLM procedure of SAS Institute (2005) software was used. All statements of statistical significance are based upon P < 0.05. To test potential effects of time (during the experimental diverse time points) with normally distributed differences, the t-test for paired observations was used. Otherwise, the Wilcoxon signed-rank test within the univariate procedure was used. It has to be emphasized that the F-factor was significant between both trials, hence, it is not allowed to pool the data of both trials for statistical analysis.
RESULTS
A typical ventilation system in this study was not used (no need for ventilation) but will be used under field conditions; there is a most important factor for ventilation. Thus, in field conditions, an intensive air movement above the litter will target all of the tested factors that have already been done. Also, the incoming air in the farms plays a role in the FPD prevalence. For example, if the incoming air is moist, it will worsen the condition of the litter and consequently increase the severity of FPD. But, if the incoming air is warm, it could lead to dryness of the litter surface and, hence, decrease the severity of FPD. For both trials in this study, the mean RH over the experimental period was about 47.4% ± 8.62 and 47.1% ± 8.07, trials 1 and 2, respectively, for groups housed without floor heating versus 46.7% ± 8.12 and 46.3% ± 8.10, trials 1 and 2, respectively, for groups that used floor heating. Moreover, 2 birds died (from groups exposed daily to wet litter with and without floor heating) during the experimental period (4 wk) in both trials. No growthpromoting substances were used in any group and no birds were otherwise treated throughout the whole experimental period. Also, no birds shed oocysts before inoculation. It must be stressed that because of the significant effect between treatment and experiment interaction (F-factor), the results of the 2 present trials cannot be pooled from a statistical point of view. Table 2 shows no significant differences were observed between the experimental groups at d 42 in the first trial. However in the second trial, daily exposure to wet litter without using floor heating led to a significant decrease in final BW (2,313 g ± 292) compared with that of other experimental groups, except in the case of the group exposed to wet litter using floor heating. In both trials, using floor heating resulted in slightly higher water:feed ratios (2.59 ± 0.035; 3.02 ± 0.028, trials 1 and 2, respectively) compared with those of birds housed without floor heating (2.49 ± 0.028; 2.75 ± 0.007, trials 1 and 2, respectively). Moreover, using floor heating in the absence of wet litter was accompanied by a favorable feed conversion ratio (1.54 and 1.46, trials 1 and 2, respectively). Also, in both trials, the groups housed without daily exposure to wet litter either with or without floor heating showed the highest weight gain (80.9 and 80.2 g/bird per day, respectively, for trial 1; 78.8 and 78.8, respectively, for trial 2) compared with the other experimental treatments. Table 3 shows the effects of floor heating as well as daily exposure to wet litter on the oocyst counts in the excreta of primary infected birds in both trials. First, it should be emphasized that the inoculation of oocysts was performed successfully. Moreover, excreta samples were proven microbiologically for the absence of Clostridia, Salmonella, and Campylobacter microorganisms for all groups in both trials. The 2 birds infected with E. adenoeides in each pen showed depression, weakness, and dullness. In addition, there were traces of blood in the watery excreta of the turkey poults. At necropsy, there were many hemorrhages on the mucosal surface of the cecum, with pronounced thickening. However, using floor heating without exposure to wet litter in both trials reduced the oocyst numbers in the excreta (1.52, 0, and 1.69 for trial 1 and 1.21, 1.82, and 0 for trial 2 on d 16, 20, and 24 PI, respectively). However, daily exposure to wet litter either with or without floor heating resulted in higher oocyst numbers in the excreta of both trials (3.34 for trial 1 and 3.11 for trial 2 for groups with floor heating at d 20 PI;3.42 for trial 1 and 3.77 for trial 2 for groups without floor heating at d 20 PI; 3.18 for trial 1 and 3.76 for trial 2 for groups with floor heating at d 24 PI; and 3.08 for trial 1 and 2.73 for trial 2 for groups without floor heating at d 24 PI).
Bird Performance
Oocyst Counting
Regarding the secondary infected birds, it was noted that the coccidial infection was established successfully in the secondary infected birds by natural means (Table 4). It was observed that using floor heating without exposure to wet litter led to a marked decrease in oocyst number in the excreta compared with that in the groups not using floor heating throughout the experimental period. Nevertheless, both trials using floor heating with exposure to wet litter resulted in a higher oocyst count in the excreta (3.72 and 3.92, trials 1 and 2, respectively) at d 24 PI compared with that of the other groups.
Litter Quality and Coccidiosis
The mean DM content of litter in both trials during the entire experimental period were the highest for groups that used floor heating without exposure to wet litter (85.1 ± 5.55% and 85.0 ± 5.17%, trials 1 and 2, respectively) compared with that of the other treatments. However, groups exposed to wet litter without using floor heating in both trials resulted in the lowest mean DM content of litter (58.0 ± 7.69% and 57.6 ± 7.89%, trials 1 and 2, respectively). Regarding excreta DM content, it was noted that the absence of floor heating with daily exposure to wet litter resulted in the lowest mean DM content of excreta in both trials (14.8 ± 2.03% and 15.1 ± 2.17%, trials 1 and 2, respectively) compared with that of the other experimental groups. By using floor heating in both trials, the mean DM content of excreta was highest (17.2 ± 1.06% and 17.3 ± 0.49%, trials 1 and 2, respectively) compared with the other experimental groups. Furthermore, Figure  1 provides more details on the effects of the severity of coccidial infection on mean DM content of excreta, the oocyst counting (Log 10 /g of excreta) being able to be classified into 3 categories : numbers 0 to 2 = low, numbers 2 to 3.5 = medium, and numbers 3.5 to 5 = high). Accordingly, it was observed that in both trials, the low oocyst numbers in excreta led to significantly increased DM content of excreta (17.4 ± 1.11% and 17.5 ± 0.568%, trials 1 and 2, respectively, vs. 14.5 ± 0.900% and 14.6 ± 1.10%, trials 1 and 2, respectively) for the high oocyst counting in excreta. Additionally, in both trials, daily exposure to wet litter without using floor heating was accompanied with the highest pH value (7.38 ± 1.10 and 7.57 ± 1.25, trials 1 and 2, respectively) compared with that of the other experimental groups. Whereas, using floor heating without daily exposure to wet litter resulted in the lowest pH values in both trials (6.40 ± 0.250 for trial 1 vs. 6.38 ± 0.280 for trial 2) compared with that of the other experimental groups.
Foot-Pad Lesions
At the beginning of the experiment (d 14), there was no evidence of external or histopathological FPD lesions. Table 5 shows that in both trials, using floor heating resulted in significantly decreased external FPD scores (2.06 ± 0.735 and 1.47 ± 0.734, trials 1 and 2, respectively) and significantly decreased histopathological FPD scores (2.06 ± 0.662 and 1.51 ± 0.493, trials 1 and 2, respectively) in comparison to groups without floor heating (3.88 ± 0.812 and 2.73 ± 1.25, trials 1 and 2, respectively, for external scores; 3.53 ± 1.07 and 2.24 ± 0.841, trials 1 and 2, respectively, for histopathological scores). Furthermore, in both trials, daily exposure to wet litter (35% moisture) was accompanied by significantly increased external FPD scores (3.41 ± 1.23 for trial 1 and 2.69 ± 1.34 for trial 2) and increased histopathological FPD scores (3.18 ± 1.20 and 2.21 ± 0.827, trials 1 and 2, respectively) compared with those of the groups housed without continuous exposure to wet litter (2.53 ± 1.00 and 1.53 ± 0.683, trials 1 and 2, respectively, for external scores; 2.41 ± 0.979 and 1.56 ± 0.579, trials 1 and 2, respectively, for histopathological scores).
For providing greater details on lesion assessment, the severity of foot-pad lesions could be classified into 3 categories (low scores = 0 to 3.5, medium scores = 4 to 5.5, and high scores = 6 to 7). Accordingly, on d 42, it was observed on the one hand that using floor heating in both trials showed 97.5 and 100% low scores, whereas the absence of floor heating resulted in 30 and 66.6% low and 70 and 33.3% medium scores. On the other hand in both trials, daily exposure to wet litter led to 47.5 and 65.8% low and 52.5 and 34.2% medium scores versus 80 and 100% low and 20 and 0% medium scores in the absence of exposure to wet litter.
The duration of the treatment (time) resulted in significantly increased FPD scores each week in both trials and for all tested factors (Table 5) .
At the end of the experimental period (d 42), using floor heating without exposure to wet litter in both trials resulted in significantly decreased histopathological FPD scores (1.70 ± 0.410 for trial 1 and 1.30 ± 0.299 for trial 2) compared with the other experimental groups, despite coccidial infection (Table 6 ). In the groups exposed daily to wet litter for both trials, using floor heating showed significantly decreased external Table 5 . Development of external and histopathological foot-pad scores (2 factor variance analyses; mean ± SD) and histopathological FPD scores (2.37 ± 0.775 and 2.42 ± 0.674, respectively, for trial 1 and 1.68 ± 0.820 and 1.73 ± 0.562, respectively, for trial 2) compared with the group not using floor heating, in spite of induced diarrhea caused by coccidial infection (4.45 ± 0.483 and 3.95 ± 1.13, respectively, for trial 1 and 3.71 ± 0.932 and 2.68 ± 0.785, respectively, for trial 2). Furthermore, in groups housed without floor heating for both trials the daily exposure to wet litter led to significantly increased external FPD scores (4.45 ± 0.483 and 3.71 ± 0.932 for trial 1 vs. 3.32 ± 0.674 and 1.80 ± 0.676 for trial 2) for the group not exposed to wet litter. Table 6 shows that weekly examination of foot pads (duration of treatment) was accompanied with significantly increased severity of FPD scores in both trials and for all experimental groups.
DISCUSSION
Infections with coccidia are often associated with severe economic losses, thus, more attention should be given to improved housing conditions (Jordan, 1995) . For poultry to be able to perform to the fullest their growth rate potential, they should be well looked after and kept in good environmental conditions, including the litter quality that is affected by several dietary, management, and housing measures (Abd El-Wahab et al., 2011b) . In fact, the occurrence of FPD is now used as an audit criterion in welfare assessments of poultry production systems in Europe and the United States (Berg and Algers, 2004) . Another point of interest was the influence of floor heating, causing drier litter or higher temperature, on the oocyst counts in excreta and also on coccidial lesions in the cecum, which will be discussed in a further publication (specially focused on the coccidial infection under the influence of floor heating).
Coccidiosis and Litter Quality
Judging by the results of the oocyst counts in excreta of both primary and secondary infected birds, the experimental infection was successful. One of the most important signs characterizing a coccidial infection is watery excreta (Hafez, 2008) , which was reflected in the markedly reduced DM of excreta, especially in groups with higher oocyst counts in their excreta. Thus, oocyst numbers in the excreta were closely correlated with the changes in DM content of excreta. Additionally, the combination of floor heating and dry litter resulted in markedly reduced oocyst counts in primary and secondary infected birds.
Moisture is the key factor influencing litter quality, and managing litter is a crucial step in promoting flock health and well-being. Using floor heating without daily exposure to wet litter resulted in drier litter (85.1 and 85.0% DM in both trials) during the experimental period, despite coccidial infection and induced diarrhea. It was stated that wet litter was associated with a higher pH compared with dry litter (Lerner, 1996) . Similarly, in this study, daily exposure to wet litter in the absence of floor heating resulted in a higher litter pH value. On the contrary, using floor heating without daily exposure to wet litter produced the lowest litter pH value, even with coccidial infection, which could be due to drier litter. 
Severity of FPD
Litter moisture is considered to be an important factor predisposing to FPD (Jensen et al., 1970) . Thus, FPD can be kept at a minimum with proper litter management. High prevalence and severity of FPD were correlated with high litter moisture (Hafez et al., 2005; Bilgili et al., 2009; Shepherd and Fairchild, 2010) . The FPD lesions have been found to become more severe as litter moisture increases.
Although most of the literature suggests that litter moisture is a critical component in the development of contact dermatitis, other studies have found no significant correlation between litter moisture and the incidence and severity of FPD (Eichner et al., 2007) .
Coccidiosis plays a major role, predisposing the birds to FPD due to diarrhea and subsequent increased moisture in the litter. Thus, with increasing prevalence and severity of FPD on farms, intestinal infections, such as coccidiosis should not be neglected. Excreta quality was markedly influenced by the coccidial infection and consequently led to a decreased litter DM content and increased severity of FPD. Using floor heating for birds resulted in significantly decreased FPD scores compared with groups not using floor heating. Despite induced diarrhea due to coccidial infection, the litter became drier when floor heating was used. Therefore, floor heating is likely to be highly effective in reducing the development and severity of FPD. Abd El-Wahab et al. (2011a,b) observed that the significant effect of using floor heating on FPD scores could be due to the litter becoming as dry as fresh litter or could be due to floor heating leading to warm foot pads causing vasodilatation of the blood vessels, increasing the blood flow to promote healing. The principle of the warming effect on blood flow in humans was stated by Charkoudian (2003) . On the other hand, with the absence of floor heating, the litter is quite cool and might lead to blood vessel constriction, resulting in a cold, wet foot pad. The heat source in turkey houses hangs above the pens, so the upper surface of litter becomes warm but the colder, deeper litter eventually moves to the top (Abd El-Wahab et al., 2011a,b) . Our findings agree with the studies of Berg and Algers (2004) , who found that using floor heating had a significantly beneficial effect on FPD with a prevalence of 21.5 ± 3.7% for floor heating groups versus 45.0 ± 7.1% for groups not using floor heating. Similarly, Abd El-Wahab et al. (2011a) stated that using floor heating led to significantly decreased FPD scores (0.950 ± 0.150) even with daily exposure to wet litter (35% moisture) with a group not using floor heating (2.55 ± 0.830) in young turkeys at d 35.
Furthermore, in groups not using floor heating, daily exposure to wet litter resulted in significantly increased FPD scores. This could be explained by the fact that standing on wet litter brings the feet in constant contact with moisture and has been suggested to cause the foot pad to soften and become more prone to damage, predisposing the bird to developing FPD (Jensen et al., 1970) . Also, in this study, it was shown that the duration of the treatment (time factor) plays a significant role in increasing the severity of foot lesions for all experimental treatments. It means that each week (maybe less) in all experimental groups was enough to increase the severity of FPD scores significantly. Previous research (Abd El-Wahab et al., 2012) has shown that the first significant increase in FPD lesions was observed after exposure for only 4 h/d to critical moisture content (35%), and the severity of FPD increased with increasing litter moisture. Daily exposure to wet litter (either wood shavings or lignocellulose) with 35% moisture content resulted in significantly higher FPD scores, 2.55 ± 0.830 or 2.30 ± 0.880, respectively, compared with groups housed only for 16 h/d on wet litter, 1.60 ± 0.450 or 1.55 ± 0.860, respectively (Abd ElWahab et al., 2011a) .
